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Notes on al-Biruni on Transits 

G. J. Toomur - Oxford 


One of the most important contributions in recent years to our 
knowledge of the transmission of Indian astronomy to the Islamic world 
and to early Islamic astronomy is the book al-Biruni on Transits , trans¬ 
lated by Mohammad Saffouri and Adnan If ram, with a commentary by 
E. S. Kennedy, American University of Beirut, 1959. In the course of 
reviewing this book I made a number of additions and corrections, which 
I now offer to future readers of it in the hope that tlieir understanding of 
the very difficult text may be helped somewhat. I cannot claim to have 
removed all of the many difficulties which remain after Kennedy's heroic 
ground-clearing operation: I have confined my notes to those places 
where I could correct or materially supplement the translation and com¬ 
mentary with certainty or at least some plausibility. Eike the translators, 
I have not had access to the manuscript, but have used the Arabic text 
printed in Rasd'iiul-Biruni, Osmania Oriental Publications Bureau, 
Hyderabad-Dn, 1948. This is a corrupt one, and I have freely suggested 
emendations. I have ordered my notes according to the page and line 
numbering of that text, exactly as the translators did. I refer to Ken¬ 
nedy's commentary by the page number of the translation. All references 
are to the latter work where there is no other indication. 1 B.' stands 
for al-Biruni throughout. For the elucidation of other references see the 
bibliography at the end of this article. 

I am very grateful to Dr. S. M. Stern and Dr. David Pingree for their 
help. Some of Dr. Pingree's notes have been incorporated whole, and 
are marked as his. 

2:4 Instead: Translate: ' Except that \ In this section B. is dealing 
with those configurations in which the western motion does have a part, 
i.e. anything to do with the observer's horizon. — 2:17-18 ' in latitude ' 
means 1 when it has a latitude \ i.e. when its latitude is not zero. —- 
3:18-4:1 Signs equidistant from a solstice were called, among other 
things, antiscia in Greco-Roman astrology. The locus classicus on this is 
Firmicus II 29. (Pingree) —4:3 doubles: Read mailahumd for mtVhm* and 
translate * declinations * (dual) cf. 5:4, — 4:12 The note on p. 125 is 
misplaced, and should come at 4:17, In 4:12-16 B. is still dealing with 
pairs of signs equidistant from a solstitial point. Cf, 4:5 and 4:16. — 
4:12 There are several references in Vettius Valens to IcoSuvot^ouvTa 
but they are nowhere defined explicitly. However in III 7 (Kroll p. 142,27, 
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cf. p. 257,35) it seems probable that they are equated with the Itiavchpopa 
(signs of equal rising times), which would agree with what is said here. 
But it is known that the text as printed by Kroll is not the complete 
Valens, so B. may be reproducing here — at third hand — a missing por¬ 
tion of the text. The same may be said of 4:13-15 and 5:7-9. — 4:16 
aspect: Though this section remains obscure, it is clearly dealing with 
P^TTovrot tcjiSicc, which here, as in Ptolemy, seem to be equated with the 



laoSuvafiouvra. See Bouclie-Leclercq pp. 159-161. — 5:3 some of them 
call the elevated one commandant etc. Ptolemy is one of these: Tetrabiblos 
I 15 (Boll-Boer p. 37). — 5:5 their days (arc) also equal: this is patently 
false, and in fact the Arabic is mutakdfi’an , which means 1 corresponding ', 
i.e. the day of one is equal to the night of the other. Translate ' corre¬ 
sponding in their days \ — 5:6 This is indeed found in Vettius Valens, 
e.g. Kroll 238,12 ff. —5:6-6:5 The translation is totally uniutellegible 
because 1 corresponding in course ' has been used to translate both muitafiqa 
fi t-tarTqa and muitafiqa fi l-mintaqa t which are quite different concepts 
for B. Three types of corresponsion are being distinguished: (1) The 
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signs equidistant from a solstice (connected by horizontal lines in my 
Fig. I). These have equal hours of daylight. Ptolemy calls them tcroSuva- 
pouvra. B. calls them muitafiqa fi t-fariqa in the Tafliim (p. 228), and follow¬ 
ing Wright there I shall translate that ' corresponding in course \ (2) The 
signs equidistant from an equinox (connected by vertical lines in Fig. I). 
These have equal ascensions. Abu Ma'sar (5:12-13) called them muitafiqa 
fi l-mintaqa t which I shall translate ' corresponding in zone \ (3) The 
signs which are houses of the same planet (connected by sloping lines in 
Fig. I). In the case of Cancer and Leo, the former is the house of the 
moon, the latter of the sun. For the doctrine see Bouche-Leclercq p. 182 ff. 
To make clear who calls what by what name, I set them out in a little 
table: 



(1) 

(2) 

(3) 

Author 




of the Biztdhaj 

c. in strength 

c. in ascensions 

c. in course 

(4 • 12-5:8) 




Abu Ma'sar 
(5:10-13) 

c. in strength 
or 

potent 

c. in zone 

c. in course 

al-Saifi 

(5:14-16) 

c. in course 

not known but 
criticised 

Abu lila'Sar's 
* c. in zone * 

not known 

B/s 

recommendations 

(6:1-5) 

c. in course 

c. in times 

or 

potent 

c. in strength 


The translation should be changed at the following places: 5:12-13 
Translate ' corresponding in zone t and he left the name of the third type 
unchanged \ By the latter statement B. means that Abu Ma'sar, like the 
Bizidhaj t called (3) 1 corresponding in course \ This is explicitly stated 
in Tafhlm p. 228. —5:16 Translate 1 corresponding in zone, and he ascribed 
it to ignorance of the zones*. The note on 5:16 is misleading. It is true 
that mintaqat (vocalised thus rather than mantaqat) al-bitruj is used by 
B. (e.g. 6:6) interchangeably with falak al-buruj for the zodiac. But that 
does not mean that minfaqa (' belt ') is in general a synonym of falak 
(' sphere '), and in this work at least B. uses the word mintaqa (without 
al-buriij) in only one other passage (97:12-98:9, on which see my note), 
where it is certainly not a synonym of falak . In 5:16 the meaning cannot 
be determined, and it is best to translate by a non-committal word. — 6:3 
and ... one method: Translate f we draw them along a single course ' 
( fariqa) t i.e. we consider that they move along the same apparent path 
through the heavens. — 6:6 the distance to: Read al-munsdqa for *lms*fh 
and translate ' which is carried along '. 6:17 Translate 1 that all that 
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is necessary for the longitudinal type of transit is going in front and 
fa l l in g behind only ', i.e, actual passing of one body by another, whereas 
in 6:14-16 he has been talking of one body passing the place where another 
had previously been. — 7:12 Translate: * the locality \ — 7:12-13 ‘ coming 
forward 1 and 1 going away ' are translations of the Greek technical astro¬ 
logical terms ircavoupopi and a7r6xXqta, for which see Bouche-Leclercq p. 280, 
In 7:13, if we emend /’« to wa'in, we can translate * even if', and 
nothing is missing. — 7:18-8:1 So *.. above it: This makes no sense. 
Tentatively I suggest emending wa-td in 7:19 to fa-la or la. Then, if 
Planet A is in the 10th sign of Planet B, I paraphrase as follows: * on 
whatever horizon Planet A may be, by necessity it must continue in the 
10th sign, for {fa-inna) Planet Awill be in its midlieaven elevated above 
Planet B\ — 8:2-5 I am doubtful about the text and translation in line 
3, but the meaning seems to be that ' the specialists ' do not accept the 
mere fact of Planet A being in the 10th sign of Planet B as a reason for 
saying it is more elevated; they insist that one must take into account 
the horizon on which this occurs; for if, for instance, Planet A is in the 
10th sign of Planet B when the latter is in the 10th house on a given hori¬ 
zon, than Planet A will be in the 7th house and so 1 less elevated * than 
Planet B. In line 4 instead of * according to them ' translate ‘ in the com¬ 
putation of the two 1 (relative situations). — 8:11-12 Emend H'twm to 
al-ulnw and translate: * that it is elevation in an absolute sense ... ex¬ 
cept on the earth , because the settled regions are in it * (i.e. in the northern 
region). People suppose that the north is elevated in some absolute sense, 
says B., but that is only because the only inhabited regions of the globe 
happen to be in the northern hemisphere. — 8:18-9:2 and 9:9-10 * Above ' 
in all these places is a translation of some form of isii'ld , and denotes 
not physical position but astrological rank. Perhaps 1 superior to ' would 
be a better translation. — 9:2-3 Translate: * and although to all ap¬ 
pearances one can cater for all the other attributes of overpowering 

by (use of) the word " elevation", (nevertheless) they used .\ 

By ‘ overpowering' (aWs/f/d*) is meant one planet's influence being 
stronger than another's; — 9:5 Emend liyi jyUl to ^iJI and 
translate: ' meaning by the word " above " nearness to the north pole 
and by " below '' distance from it '. — 9:7-9 The theory that a planet 
4 vanquishes ' a planet which is farther south is found in the Suryasid- 
dhdnta VII 21 (Burgess p. 199). We also find in section 23 (Burgess 
P* 200) the statement ' Venus is generally victor, whether situated to 
the north or to the south '. This suggests that we should translate in 
9:7-8: ' It (Venus) is in the south stronger than they (the other planets) 
are in the north \ But the translation in the text is a legitimate one, and 
it may be that B. has made a mistake here. Other references to the 
theory in Sanskrit texts are given by Pingree as follows: A verse of PuliSa 
cited by Utpala on Varahamihira's Bfhajjdtaka 2,20 and his Bjrhatsamhitd 
17,10; Visuusannan quotes Suryasiddhdnta VII 23 on Vidyamadhaviya 
5,24; an anonymous verse cited by Utpala on Brhajjdtaka 2.20. — 
9:7 bases: The Arabic is «?«/, which should rather be translated: ' rules \ 
— 9:11 The ' distance ’ here means the difference in latitude. — 9:11-13 
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For all this compare Suryasiddhdnta VII 18-22 (Burgess p. 199). The 
equation of one degree with one cubit may be connected with the method 
of observation recommended In that chapter (16-17), by means of two 
poles each of five cubits stuck in the ground; but the details are very 
obscure, — 9-14 testimonies: This is a translation of the astrological term 
impapTuptat, for which see Bouche-Leclercq p. 165 n. 1. — 10:9-16 B. 
describes two situations: (1) Sun and moon have the same declination, 
and the sum of their longitudes is 180°. In the Surya-Siddhfinta (XI. 2, 
Burgess p. 273) this is called vyatlpdta . (2) Sun and moon have equal but 
opposite declinations, and the sum of their longitudes is 360°. In the 
Surya-Siddhanta (XI. 1) this is called vaidhyta . For a correct explana¬ 
tion of all this see Burgess p. 274. Shukla's account of the passages in the 
Surya-Siddhanta, which is referred to by Kennedy, combines declina¬ 
tions of opposite sign with a sum of 180°; this would contradict B,, but 
seems in fact to be mistaken. Burgess's account also suggests an expla¬ 
nation of the otherwise unintelligible reference in line 14 to the moon's 
having zero latitude. The Sanskrit text says that (1) takes place when 
sun and moon are on the same side of the same solstitial point, (2) when 
they are on opposite sides of the same solstitial point. As Burgess says, 
this is only true if the moon has zero latitude. B. must have been making 
the same point, but either through his carelessness, or more probably a 
lacuna in the text, the reference to the solstitial point has been omitted. 
— 11:1-2 Translate ' and their longitudes ' etc. ' at the equinox' makes 
no sense, and the words i4i i-i'tidal should probably be translated ‘ when 
there is symmetry For the terms ' ascent ' and ' descent' see Kennedy 
[1] and 66:9 ff. in this work. — 11:3-4 Emend 'hnndrh to al-muniira 
and translate: ' and that would be one of the signs giving warning of 
strange occurrences — 11:16-17 The meaning is that the planet which 
rises first of two planets with the same longitude must have a greater 
northern latitude or a lesser southern one than the other. — 12:2-5 
Translate: * had it not been for the fact that it was known ... the sphere 
of Saturn, then if they said — 12:6 The value of 64 earth-radii for the 
extreme distance of the liioou from the earth is derived ultimately from 
Ptolemy's Canobic Inscription (see Ptolemy, Opera Minora, p. 153,24). 
Ptolemy calculated it as 64; 10 times in the Almagest (V 15, Manitius I 
p. 311). He makes no calculations about the distance of the planets, 
but the usual mediaeval method for obtaining planetary distances, which 
assumed that the maximum distance of each body was exactly equal to 
the minimum distance of the next more distant body, would, together 
with Ptolemy's parameters for the planetary orbits, produce a result for 
the minimum distance of Saturn of the order of magnitude of the 14881 
earth-radii given by B. here. al-Fargani, using that method, gets 14405 
(Christmann p. 113). -— 12:12-13 That the moon is above the sun is an 
idea which occurs very frequently in early Sanskrit texts: see e.g, Kirfel 
pp. 48-49. (Pingree) — 12:19 Perhaps we should read: mann*« aw kibriyd**: 
* as a favour or out of pride — 13:13 For the story of Alexander having 
the A vesta translated into Greek cf. Bidez-Cumont II pp. 137-8, where 
Pahlavi sources are quoted. One of those sources states that one third 
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of the A vesta dealt with astronomy and astrology. Since it is certain that 
the 'opinion' of 13:10-11 was not in the Old Persian A vest a, the term 
' Avesta ' here (as perhaps always in B.'s works) refers to the collection 
of doctrine in Pahlavi wnich was compiled under that name in Sassanian 
times, and which contained much Greek and Indian material. For the 
latter see Zaehner, Dawn and Twilight p. 195. — 13:18 For the Arabic 
translation of Philoponus ’ work see, in addition, India I p. 36, with 
Sachau's note ad loc. f and Steinschneider p. 143. This translation is not 
known to be extant. However the original is (see my bibliography). The 
passage B. refers to here is presumably Rabe 318,13 ff, But there all that 
Philoponus says is that Plato in the Timaeus (38 d) put the sun next 
above the moon instead of in the middle of the planets, so probably B. or 
Philoponus 1 Arabic translator misunderstood the passage. — 13:19 ff. 
I retranslate the whole passage, though the only corrections in the Arabic 
text I propose are an'amii for n'mw' in 13:19, wasi'a for ws'h in 14:2, 
and at-uhar for al-dhir in 14:3: 1 Thereupon those of them who pondered 
the matter asked whether it was permissible , regarding the motions which are 
found in them (the planets), to put all the planets proper above the sun; 
however since they were (then) left with the space between the two lumi¬ 
naries devoid of a planet to give continuity, and (because) it (the space) 
was large enough to contain the two planets which are isolated from the 
rest by their rotation round the sun ... (14:6) therefore they considered ' 
etc. (all one sentence). — 14:10 For the explanation of how the planetary 
names of the weekdays were derived from the association of the planets 
with the hours (' the lords of the hours ') see Bouche-Leclercq p. 479 ff. 
14:18 ascent and descent: See my note on 11:2. The reference here is to 
the change in the distance of the planet from the observer. “15:2 deferent : 
This is the word commonly used in this work to translate falak at-auj 
(literally 1 sphere of the apogee '). A better translation would be ' eccen¬ 
tric \ since the eccentric is only a deferent fa circle on which the centre 
of the epicycle moves) contingently, and in the case of the sun is not a 
deferent at all. The Arabic for ' deferent ' is fidmil (used frequently in 
this work). Usually this mistranslation causes no ambiguity. See however 
my note on 59:4-5. — 15:8-12 (Note on p, 129). In lines 2 and 4 of this 
note B should be substituted for — 15:13-15 For an example of this 
use of jawwl see 90:1. — 15:18-19 Translate: ' due to the discussion of 
the subject-matter in it on chords i.e. due to the lay-out of astronomical 
tables in parallel straight lines. For this derivation of zij from the appear¬ 
ance of the tables see Kennedy [2] p, 123 § 2, In line 19 the text reads 
minhu fihd * from it in them '. I suggest that this means f from the epi¬ 
cycle with respect to the chords ', i.e. that the motions in both eccentric 
and epicycle are set out in tables. — 16:1 ff. B. attributes the theory that 
the retrogradations and forward motions of the planets are caused by 
the tightening and slackening of cords attaching the latter to the sun to 
* the ancients ' (cf. 70:4 ff.). Since he has just been talking about Persian 
astronomers it is conceivable that he means the ancient Persians; and 
some Palilavi texts do indeed state that the planets are bound by cords 
to the chariot of the sun (Zaehner, Zurvan pp. 164, 416-417). But as 
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these texts do not seem to realise the function of these cords, they derive 
the idea from elsewhere, probably a Hindu source. For the doctrine is 
found in the Stiryasiddhdnia (II 2, Burgess p. 53). It is also described by 
ibn al-Mutanna in his commentary on al-Khwarizmi's now lost original 
zij . This commentary is extant only in unpublished {*) Latin and Hebrew 
translations. I quote from Bodleian Ms. Arch. Seld. B 34 f. 23 v : ' Multi 
autem de circulorum natura et situ inscii Stellas quasi quodam nexu liga- 
tas bestiarum uel huiusmodi more soli ligatas existimant a quibus dum sol 
recedit <uel> eaedein a sole separantur hoc nexu sol eas ad sese attraliit \ 
The doctrine was probably described in al-Khwarizmi's zlj t and this is 
another link with Hindu astronomy. So it may be that B. here had in 
mind the ancient Hindus rather than the Persians. For more details see 
Pingree [1] p. 242, from which some of the above is derived. — 16:2-3 
The translation is nearly correct, but obscure. The meaning must be: 
' their retrogradation (resulting) from the tension of the cord tightened 
by it (the sun), and their forward motion due to its (the cord's) slackening '. 
This involves changing hrq to hzq t and al-ntalduda bihl to al -malditd 
bihd . — 16:7 since: This is not a correct translation of ba'da an, and 
anyway makes no sense. I suggest translating: ' apart from tile fact 
that'. — 16:13-15 This is very obscure. Perhaps translate: 1 But if the 
meaning (of juyi rdst) has to be 11 straight table ", then its straightness is 
the constancy of what is in it for the meridian of every locality alike '. 
This involves changing Id'f in line 14 to li-nisf, and supposing that B. is 
referring to the fact that the same arcs of the ecliptic cross the meridian 
of every horizon in the same space of time. (Cf. Chronology, Arabic text 
p. 6 bottom wa-kdna ta'diluha bi^matali* falak al-buruj 'aid dd*ira nisf 
an-nahar muttaridan f% jamV al-mawddV: * and the equation found from 
the rising-times of the ecliptic through the meridian-circle is regular and 
constant everywhere '). These rising-times are what is tabulated in the 
table of right ascension. He would then be saying that if jityi rdst is 
interpreted as meaning * straight table ' (an interpretation which he 
does not accept), then it means the table of right ascension and is to be 
explained in the above way. — 16:19 does not resemble: Translate: f does 
not differ from \ This is required both by the sense and by the Arabic. — 
17:1 as to sphericity: This is the sense required, so in the absence of 
any evidence that the word in the text (kryh) can mean that, we should 
probably emend it to kurrawiya . — 17:5 (Note on p. 130) I know of no 
grounds for the unlikely statement that the Sanskrit ucca is derived from 
a Greek word. The reference given in the commentary deals only with 
the derivation of auj from nsra. — 17:7 mandttj is the Sanskrit mandocca, 
meaning the apogee of the eccentric. As B. explains in 17:9-10, the Hindus 
applied the term 1 fast ' (iigkra) to the epicycle and ' slow ' (manda) to 
the eccentric. See Surya-Siddhanta II 1 (Burgess pp. 53-4) and Neuge- 
bauer [1] p. 191 n. 55. This makes the emendation of to JkJl 

I 1 ) An inadequate text of the Latin translation by Hugo Sanctal- 
lensis has now been published by E, Miltas Vendrell (Madrid Barcelona 
1963), The Hebrew versions are to be published by B, Goldstein. 
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in this line certain. Then translate: * with the addition to it (to ucca) 
of the meaning " slowness ” \ — 17:15 Ifamza ibn al-flasan at-Isfahdni : 
Far from being unknown apart from the quotation cited in the commen¬ 
tary (p. 130), this individual is well documented, and some of his works 
(though not those mentioned by B.) survive, and some have even been 
printed. For details see Brockelmann Ip. 152 and Supp. I pp. 221-2, 
where his dates are given as 893-before 970. B. quotes him frequently in 
the Chronology (p. 61 and elsewhere) and it is clear from these quotations 
that Hamza was particularly knowledgeable on affairs in pre-Islamic 
Persia, which fits in with the present passage. — 17:18 bahald : Dr. Kripa 
Shankar Shukla suggests that this is a corruption of the Sanskrit pdtdla , 
which means ' hell', and is used in Sanskrit astrology for ' hypogee \ 
(Pingree) — 17:19-18:1 nth and nijasi: The reading in the first place 
should be nij, This represents the Sanskrit nica, This is used to mean 
the * depression 1 of a planet (as opposed to ucca t its exaltation), or to 
mean * southern declination \ It is not however used for * perigee * 
(Pingree). So B., as one would expect from 17:17, is merely suggesting a 
term that the Hindus could have employed, nijast is the Sanskrit nicastha , 
f standing at depression \ — 18:11 with it: Translate: 1 in it * (the eccen¬ 
tric circle). — 18:14 The point is that the radius of the earth is so small 
compared with the distance of any of the planets that the position of the 
observer can be taken as identical with the centre of the universe. — 
18:17 The reference is to Almagest III 3 (Manitius I pp. 162-3). — 
19:11 half it: Translate: * the radius \ — 19:12 equal to it: i.e. equal to 
the radius, adjacent: this word (al-mutaqdribaini) makes no sense. The 
sense required is ’ extreme \ i.e. the greatest and least distances. I dubious¬ 
ly suggest al-mutafdwitaini : 1 mutually differing \ — 20:3 for elegance: 
Translate: ' because he liked it \ — 20:12 This has been misunderstood; 
what B. is describing is the angular distance between two points measured 
from the centre of the circle (D). We can get the correct translation just 
by omitting most of the words in brackets: 1 hence the determination of 
the (angular distance) between the apogee and (the point of) mean dis¬ 
tance \ (Note on p. 133): For Sin" 1 SH read Sin" 1 DS. — 21:9 crux 
(md'r): Emend to (miqddr) ('amount'). — 22:3 Translate: 'when we 
talk about the equations (dual) of the two luminaries \ — 22:8 (Note on 
p. 134): The value of 5;0° for the maximum lunar equation, attributed 
to Theon in 23:12, is in fact that of the Handy Tables (II pp. 84-5). — 
24:9 For maximum lunar equation of 4; 56° in Hindu astronomy see e.g. 
Khandakhadyaka p. 20. — 24:13: It resembles getting: Translate: ' For 
example they got 1 . — 24:13-16: (Note on p. 137): There is a misprint 

q 

in the rule. It should read: p = _ Sin lM ' 0 . This rule is found in the 

5 

Khandakhadyaka pp. 32 and 82. — 24:19 ff: (Note on p. 138, 4 lilies from 
bottom): Read: 2; 13,20° sin X. B.'s point is surely that result would have 
been nearer the common 2; 14°, rather than the aberrant 2; 13°, as Kennedy 
supposes. — 25:9 ff: (Note on kardaja t p. 139): It sould be added that 
within the individual kardaja the function increases linearly; it is this 
that distinguishes it from and ordinary sine function. For Aryabhata 
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on sines see Aryabhatiya p. 19. — 26:4 ff: (Note on p. 141): The reference 
to India should be I pp. xxxv-vi. The text lias wtq in error for wyq at 
26:14 as well as at 26:19. The last sentence of the note, even if true, is 
irrelevant, as it illustrates not division, but multiplication by 60. — 
27:1-3 The reference is to the Brahmasphuiasiddhdnta 2,2-5. (Pingree) — 
27:8 Ndbhdla: The Arabic is . This might be emended to Bahubala 

or Mahabala, but most probably one should read Balabhadra, a well- 
known early Indian astronomer who is frequently cited by B. in India, 
(Pingree) See especially Sachau's note, II p. 305. He is associated with 
Aryabhata there too, e.g. I p. 244 — 27:13 Karanasdra: In India I pp. 155-7 
B. explains that Karana means ' following' (behind the Siddhdnta), and 
Karanasdra means ' that which has been derived from the Karana ', which 
is correct. (Pingree). Here he explains it as ' Breaker of the Zijes \ The 
latter translation is applied to a quite different work by Utpala in India 
Ip. 157, so it seems that he has made a slip in the present passage. (Note 
on p. 142): The references to the Karanasdra in India will be found col¬ 
lected only in the Index (II p. 412). Sachau's note is on p. 306 of vol. II. 
— 27:14 Vittesvara: Read ' Vatesvarathe author of a siddhauta of 
which a manuscript is preserved in the library of the University of Luck¬ 
now, now published by R. S. Slinrma and M. Mishra (New Deli 1962). 
From this work we learn that his father's name was Mahadatta and liis 
city Anandapura. Hence correct the note here and nl-BIruni, India I p. 156, 
(Pingree) — 27:18 The Forelock of the Zijes: In the parallel passage 
(India I p. 15G) Sacliau translates the word gttrra more accurately as 
' blaze ', Dr. Pingree informs me that titaka means among other things 
a mark applied to the forehead, whence comes the derived meaning 
'ornament', intended by Vijayanandin. (Note on p. 143): Sachau's 
identification of the work of Abu Muhammad al-Na'ib al-Ainul! (called 
Kitdb al-gttrra by B., Chronology p. 15) with an Arabic translation of the 
Karanatilaka (explained here and elsewhere by B. as meaning gurrat 
az-zijat) is based on nothing more than the coincidence of name, and is 
not in the least strengthened by the present passage. What we know 
of the contents of al-Amuli's book from B.'s four references in the Chro¬ 
nology (for which see Sachau's note on p. 372) makes it extremely unlikely 
that this was a translation of a Hindu work. Furthermore, we now know 
that B. himself translated the Karanatilaka into Arabic. A manuscript of 
the translation survives in the library of Pir Muhammad Shall, Dargah, 
Ahmadabad. See the articles of Nazim and Rizvi cited in the bibliography. 
I owe these two references to Dr. Pingree. — 28:6-7 Pulisasiddhdnta: 
For the clearest statement of the known facts about this work see Pin¬ 
gree [1] p. 237 n. 63. It is clear that there are no good grounds for the 
identification of the author of any of the works going by the above name 
with Paulus Alexandriuus, the author of the Greek astrological work 
cUsayutynax, though B. himself did so. (Note on p. 143): ' measured in degrees 
of arc along the deferent i.e. the circumference of the epicycle was 
expressed in 360ths of the length of the circumference of the deferent. 
The parameters of the Khandakhadyaka referred to in the note are them¬ 
selves derived from the Midnight {Ardhardirika) system of Aryabhata I, 



54 


G. J. Tooraer 

(Pingree). — 28:8-10 The parameter 31;26° for the lunar epicycle is an 
error of B. (not the copyist* as is clear from Kennedy's note on this 
passage) for 31;36°, as is shown by the following note of Pingree: In the 
Brdhmasphxttasiddhdnta (2,20) the epicycles are pulsating: the solar epi¬ 
cycle varies between 13:20° and 14°, the lunar between 30;44° and 32;28°. 
The mean values are 13;40° and 31:36° (compare B.'s 13;40° and 31;26° 
here). Brahmagupta's parameters for the Brdhmasphutasiddhanta are 
taken from the Paitdmasiddhdnta of the Vis^udharmottarapurdija; and 
on p. 4 of the latter, which does not have pulsating epicycles, one finds the 
values 13:40° and 31;36°. — 28:10 Emend IM to and trans¬ 

late: 1 that they made revolve , round the centre of the deferent, and with a 
radius of the sine ... a circle \ I presume that 1 round the centre of the 
deferent 1 means 'with its centre on the deferent*. — 28:14-18 (Note 
on p. 144): The reference to al-Khwarizmi's Algebra should be Rosen 
pp. 198-9. In that place references to this approximation to 7t in Sanskrit 
literature will be found. — 29:14-18 (Note on p. 147). It appears from 
the curious wording of this note that the Handy Tables were not available 
to the writer. Let me therefore confirm his conjecture that cols. 3 and 4 
of the Almagest table are combined into a single column in the Handy 
Tables, and that the latter are numerically essentially identical with the 
former. It should be noted however that both in the Almagest (XI ll r 
Manitius II p. 264) and in the Handy Tables (II pp. 174-5) the maximum 
equation for Venus is 2;24°, so B.*s 2;23° is an error (correct Venus' 
value in the notes on 30:4-9 and 31:9-31:14). — 30:4-9 (Note on pp. 147-8): 
Regarding the list of ibn al-A'lam's values for planetary equations, note 
that at 23:2 B. gives this author's maximum solar equation as 2;0,10° 
(i.e. 0:22,50° less than the Almagest). It is this fact combined with the 
statement about Venus in 30:1 which makes it probable that it is the 
Almagest values with which B. is comparing ibn al-A'lam's. — 31:17-32:2 
(Note on p. 150): Read ' except for Jupiter ' instead of ' except for Venus ', 
and 52:14 instead of 28:14. — 32:6 We should read 5;50, with the Arabic 
text. The first formula on p. 151 gives 5;50, and not as Kennedy states 
5;10, so there is no basis for his emendation. Furthermore 5;50°, though 
low, is credible as the maximum deferent equation of Saturn (while 5:10° 
is not). — It is quite near the 5;43° attributed to ibn al-A'lam on p. 147. 
— 32:14 Here for the maximum equation of Mars we should of course 
read 11;[8],30. — 35:2-3 The ' three equal lines* are HS, SD, DT. — 
36:6-7 Read, with the Arabic text: ' since point S, which was at A*. 
The point of what B. is saying here is as follows: if you imagine the point 
T, the centre of the deferent, moving round D and carrying the deferent 
with it, then when T reaches the position S, A, which was the apogee, will 
have reached point §, and Z, which was the perigee, will have reached 
point W, But S is now nearer to the earth H than W; thus ' apogee * is 
nearer than ' perigee *, and so the two have ' changed places — 38:8 
ABJD : The points H and J have become interchanged in Figure 4 both 
in the Arabic and the translation. The translators have altered the text 
to agree with the figure from 38:17 onwards, though not here and in 38:9, 
where there is a discrepancy. They should have altered the figure to 
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agree with the text, but except in the above two places no ambiguity 
arises. — 41:2-43:15 (Note on p. 155): The maximum equation is not 
arc AB. It is just this false identification which B. says (43:9-14) is the 
cause of Abu Ma'Sar's erroneous formula, (p. 156): In the first line read: 

2ZA. y SA — AM.AJ. Abu Ma'sar's rule (last line but one) should read: 

90° + Sin 1 * —^2:4 the epicycle equals', : Translate: ' the epicycle 

is like '. — 43:9 Translate: ' he means by the epicycle radius the arc AB', 
i.e. B. claims that Abu Ma'Sar was saying that the maximum equation 



M 


(which is given by the arcSine of the epicycle radius) is arc AB. We may 
doubt whether B.'s interpretation of the extraordinary expression * the 
sine of the epicycle radius ' is correct. I would rather suspect a corrup¬ 
tion in B.'s text of Abu Ma'Sar. If for the above expression we substitute 
' the epicycle radius *, Abu Ma'sar's rule becomes the same as B.'s. — 43:15 
was known to Aim: Translate: * is a fixed quantity in relation to it' (arc AT). 
— 45:4 Emend w-tdwyr* *wlh *w to an tadwtran iild au (Perhaps instead 
of (Jjl the vulgar form was used). Translate: ' the first or uncorrected 
argument or epicycle ' (cf. 46:2). — 46:2 Translate: ' the anomaly, or the 
corrected argument or epicycle \ — 47:13 fT. The following section has 
been rendered unintelligible in places by the mistaken emendation of 
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Figure S and misinterpretation of the text, I have therefore redrawn the 
figure. See my Figure II t which reproduces the figure in the Arabic text 
except for a few emendations and additions of letters. This correct figure 
should be referred to with the following notes. — 47:15 the other two: 
i.e. the right and left mean distances when the epicycle centre is at apogee 
(the two positions of the ' mean depression f , which are ' a little bit ele¬ 
vated above ' the depression at E). — 48:3-7 To achieve English syntax 
translate: ' And because BZ is the radius * ... (line 5) 1 and BE is the 
radius of the epicycle, triangle BEZ... will be known 1 ... (line 7) of 
its base. And BH is the sine of arc DE, so if * etc. — 48:14 Read * S[N] ' 
to avoid ambiguity. Clearly W is distant from Q by the same amount 
as F (i.e. by the radius of the epicycle), but on the opposite side. — 48:15 
Translate: 1 will be at the intersection * (i.e. at Q). — 49:8-50:1 Translate: 

* and its (arc TY's) complement is the total elevation, and its (the ele¬ 
vation's) beginning is from when the centre is at [F], since the right mean 
distance * etc. If the text is right, B. is slipshod in saying that the com¬ 
plement of arc TY is the total elevation, as comparison with the parallel 
situation in 48:9-10 shows that forming (90°-TY) is only the next step 
towards finding the ' total elevation \ which is the arc of the epicycle cut 
off between the two circles when the centre is at K, The second part of 
the above sentence means that this arc ceases to be called * depression * 
and begins to be called 1 elevation ’ when the centre has passed F (and so 
the right-hand mean distance has passed Q). — 50:2-3 The * point of 
intersection * is Q. It is clearly correct to say that the arc between Q and 

F is given by the formula 2 Sin^ 1 , where R and r are the radius of 

the deferent and epicycle respectively. — 50:8 Emend yfbh to bi-Sibh and 
translate: 1 And in imitation of the operations ..,, we transfer\ — 50 : 11 ft . 
the beginnings of the distance sectors : These are the sectors of the deferent 
(see Kennedy's note on p. 128) and are the points A, Q, J, X in my figure. 
— 50:16 ff. the arc of the chord: Cf. 50:3. What B. is saying is that the 
epicycle centre is to the right or left of X by an arc equal to FQ when 
the epicycle circumference passes through X, etc. — 51:1 To understand 
this passage compare 50:4, For instance 1 the distance ' in 51:1 is equal 
to SB. — 51:8 attitude: Translate: ' elevation \ — 51:12 the center : i.e. 
the centre of the epicycle. This word (markaz) is the technical term for 
1 mean anomaly ’, which is really what is meant here. — 51 : 13-14 Trans¬ 
late: ' the distance of the centre from the designated beginning *, i.e. the 
beginning of the elevation or the depression as the case may be — 47 : 13 - 
51:18 (Note on pp, 158-9): The obscurity which the commentator finds 
in this passage is due to a misunderstanding, which the above notes should 
have cleared up. Apart from the inevitable corruption of the letters desig¬ 
nating points in the diagram, the text appears sound. As for the point 
of the passage as a whole, that is made clear in 51:16-17: it is to find the 
position of mean distance on the epicycle for a given position of the epi¬ 
cycle on the deferent. It is therefore a natural outcome of the discussion 
(38:3 ff.) of the division of the epicycle into distance sectors; and the 
following sections on the parameters are necessary in order to carry out 
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the calculations and tabulations outlined in this section. The last five 
lines of p. 158 and the first six of p. 159 should be deleted, as they are 
based on a total misunderstanding of the text at this point. The commen¬ 
tator is correct in his supposition that the reference in 50:8 ff. is to the 
normal interpolation procedure in planetary tables for positions of the 
planet between mean and extreme distance. Moreover the rule given in 
51:13 ff. is an example of a similar interpolation procedure. To obtain a 
correct statement of the rule, alter the commentary on p. 158 to read: 

* where 8 is the deferent arc from the position of zero elevation or depres¬ 
sion to the position of the epicycle centre'. — 52:5-7 These parameters 
are indeed taken from the Almagest, but they are in each case the first 
approximation arrived at by Ptolemy, under a preliminary hypothesis 
(for which see Almagest X 7, Manitius II pp. 178-9). They are then cor¬ 
rected, and Ptolemy's final parameters are those quoted in the commen¬ 
tary (p, 159). There seems no explanation except carelessness for B's 
use of these approximate parameters. The references to the Almagest are: 
Saturn: XI 5 (Manitius II p. 233). Jupiter: XI 1 (Manitius II p. 208): 
here twice the parameter is given as 5; 23 and on p. 210 half of the latter 
is rounded to 2;42. Mars: X 7 (Manitius II p. 184), For Venus and Mercury 
the parameters given will be found at Almagest X 3 (Manitius II p, 163) 
and IX 9 (Manitius II p. 144) respectively. — 52:15 without HT: 
Translate: ' and not HT '. — 52:19 Translate: 1 and it (HD) is less than it 
(DK) '. — 53:6 As tlic commentary states, the figure for Mercury should 
read * twenty-two parts and a half 1 . However, no * restoration' is neces¬ 
sary, as it is already in the Arabic text. The references to the Almagest 
for the parameters of the epicycle radius are as follows: Saturn XI 6 
(Manitius II p. 246). Jupiter XI 2 (Manitius II p. 223). Mars X 8 (Mani¬ 
tius lip. 198). Venus X 3 (Manitius IIp. 163). Mercury IX 9 (Manitius 
II p. 144). — 53:8 Translate: ' have followed in them * (the maximum 
equations), — 53:6-55:13 In the comparative table given on p. 160, the 
following points scould be noted: (1) The figures given for Theon's 
Canon are identical with those of the Handy Tables except for Mars, 
where Halina's text (II pp. 166-7) has 41;70. The agreement of B.'s figure 
with al-Battani's indicates a split in the manuscript tradition here. (The 
oldest ms. of the Handy Tables, Vat. Gr. 1291, also has 41;0 in this 
place), (2) The figures for Jupiter and Mars given for ibn al-A'lam are 
not explicitly stated by B., but merely inferred from his silence, (3) The 
figure for Saturn in the Shall Zij should read —0;0,8. It seems most unlikely 
that this is correct. — 54:8-14 forty-one parts and thirty mimttes: This is 
either a copyist's error or a mistake by B. for 'forty parts and thirty- 
one minutes'. It is stated (54:13-14) that the parameters in the Shah 
Zij are the same as those in al-Khwarizmi. I have listed the latter in 
my note to the table on p. 100 (see Table II, p. 55 of this article). And 
the parameters of the Shah Zij were derived by Kennedy from a later 
passage and are listed on p. 178 of the commentary (under Mdshdllah ), 
Both agree in the parameter 40;31° for Mars’ maximum equation of 
anomaly. In all other cases both agree with the figures given by B. here 
and listed on p. 160 of the commentary (though in some other values there 
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is a discrepancy of one minute between al-Kliwarizini and the Shah 
Zij), On the other hand Abu Ma'Sar's parameter in the list on p. 178 is 
40;30°, an example of the 'one minute less* of 54:9. The parameters of 
Abu Ma'Sar listed on p. 178 are very similar to those of the Shah Zij, 
and are inconsistent with the two given in this passage {54:9 and 54:13), 
But it would not be surprising if Abu Ma'fiar used different parameters 
in different parts of his work. — 55:1-11 Amaraja on Khaydakhddyaka 
2,13-14 quotes the following as the circumferences of epicycles of the 
conjunctions of the planets from Paulisa: Saturn 39;30° - Jupiter 72° - 
Mars 233° - Venus 260° - Mercury 132°. Except in the cases of Saturn 
and Mars, these parameters are from the Midnight System of Aryabhata I* 
The verse of Paulisa cited by Amaraja also gives the rule for computing 
the maximum equation: Sin e m « = chgutnfcrence of epicycle x R Using 

R = 150 (the value of the Khattdakhadyaka) rather than R = 3438, 
Amaraja then computes the maximum equations according to Faulisa's 
rule, and gets: Saturn 6;20° - Jupiter 11:30° - Mars 40;30° - Venus 46; 15° - 
Mercury 21;30°. (Pingree) Both of the above sets of figures should be 
compared with those given in the table on p, 160 of the commentary. The 
discrepancies may incline us to believe that B. cannot be referring to 
the same work as Amaraja. Moreover the conversion rule given 54:19-55:2 
(p. 161 of the commentary) is, unlike that given above, only an approxi¬ 
mation, which leads to quite large errors when the epicycle is large. More 
than one PaulUasiddhdnta existed: see Pingree [1] p, 237 n. 63. — 56:9 
external: Translate: 1 eccentric * (al-hdrij), The technical term for 1 ec¬ 
centric circle* is * falak harij al-markaz \ — 56:17 Translate: 'issuing 
from Z (and) H to them * (to A and J). The next sentence makes no sense. 
Perhaps the best explanation is that at these two points, A and J, the 
disparity in quantity ( tafddul ) of the two lines is at its greatest. This 
would necessitate reading tafddulhumd . — 57:4-5 they are equal to circle 
ABJD etc.: This is patently false: each of the circles in question is equal to 
a quarter ABJD, as the diameter of each is equal to the radius of ABJD. 
Moreover mention of ABJD is irrelevant: the point is that the circles 
are equal to each other. The error is too gross to attribute to B. himself. 
The simplest solution is to delete the words * to circle ABJD ... one ma¬ 
gnitude * as an ignorant interpolation. — 58:2 ZMB : Emend to ' ZMS * 
or to ' ZMH \ — 58:11-59:9 Figure 11 of the text is wrongly drawn. This 
mistake has led the translators astray and makes the argument difficult to 
follow. I have therefore redrawn it (see my Fig. III). H is a point on the 
deferent (on the extension of the tangent ZD), and not a point on the 
epicycle. It is then easily shown that HT equals the radius of the epicycle, 
— 58:14-15 Change the punctuation to read: * the maximum equation, 
because the lines extending* (from Z). — 58:16 Read: ‘angle BZH * 
with the Arabic text, — 58:17 any angle bounding it: What is needed is 
' any angle bounded by them * (the lines of 58:15). The Arabic is 

s j " 

The simplest reading is — 58:19-59:1 Translate: 'because 

s' 

both it (HT) and BD are perpendiculars from one end of the arc (BH) to the 
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hypotenuse drawn from its other end i.e. HT = BD, because each is 
the perpendicular of an equal right-angled triangle. — 59:4-5 This is 
SB DS HT 

correct, for a —— = and HT, as shown above, equals the radius 

of the epicycle, white HZ is equal to the radius of the eccentric. Here the 
rendering of ^Yl vilXs as * deferent ’ (see my note on 15:1) is unfortunate, 
for what B. is saying is that SB:DB equals the ratio of the eccentricity 
to the radius of the eccentric when one substitutes the eccentric model for 



Fig. Ill 


the epicyclic. The eccentricity is thus nothing to do with the distance 
ZH in Figure 11, as the translation would lead us to suppose, but instead 
is equal to the radius of the epicycle. — 60:3 Translate: ' lower than it, 
or due to their being above the mean distance 1 etc. lu 60:1-3 B. is suggest¬ 
ing two alternative explanations of why the first and fourth sectors are 
called 'ascending* and the other two 'descending': (1) Because the 
centres of both epicycle and eccentric circle arc 'raised* from the 

centre of the universe; so the two sectors which are in the same di¬ 
rection are said to be ‘ ascending ’ as well. (2) In the first and fourth 
sectors the distance to the body is greater than f above *) the mean. 
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while in the other two it is ' below ' it. — 60:18 equal to: Translate: 
* like — 61:1-3 Text and translation are doubtful but the meaning is 
clear: at the righthand stationary point on the epicycle the planet 
begins its (apparent) forward motion, and accelerates until it reaches 
its maximum speed at the epicyclic apogee, where it begins to decrease 
speed until it reaches the left-hand stationary point, after which it 
becomes retrograde (as explained in 61:4 ff.). — 61:6-7 Omit ' (the end 
of) V one ' and 1 the other * refer to the two stationary points. — 61:13-14 



Translate: ' should be given precedence ... over the change in the equa¬ 
tion .., unless an effect is claimed in it \ — 61:18 the first method rather 
than the second: i.e. distance rather than velocity sectors. — 63:12 by 
them: Translate: 1 for them ' (for the sectors). — 63:14-17 (Note on 
p. 165): For *270°’ read '540°'. — 63:18-64:6 (Note on p. 165): The expla¬ 
nation given in the commentary of the reason for the use of half the equa¬ 
tion of centre is wrong. See my Fig. IV. The (mean) anomaly is the arc 
CF. According to the ' first opinion ' (64:1} this is adjusted by ' half the 

equation of centre \ i.e. by-I. ( arc TC = OQE). This will make the first 

sector approximate to the arc KF (only approximate, as B, indicates in 
63:19, because TC is only exactly twice ICC when EMK is a right angle). 
Thus the first sector is measured from the point on the epicycle which is 
' apogee ' with respect to M, the centre of the deferent (this is what is 
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stated in 64:2-3). According to the ' second opinion ' (64:5) the anomaly 
is adjusted by the whole equation of centre, and the first sector becomes 
arc TF, i.e. it is measured from the true apogee of the epicycle. In 64:5 
translate: ' the anomaly is considered to be adjusted by the whole equa¬ 
tion of centre \ — 65:5 motion of the difference: i.e. simple anomalistic 
motion. — 65:12 ff. E. suggests that by considering the four distances 
in the epicycle at each of the four points in the deferent one would get 
4x4 = 16 different distances. But he immediately discounts this on 
the grounds that the right-hand mean distance does not differ (in length) 
from the left-hand mean distance, so one has only 3 x 3 =» 9 different 
distances. — 65:15 Translate: ' it would not become sixteen by repetition 
of the rotation, whether 1 etc. — 69:5 Translate: 'what characterizes the 
motion of the moon with respect to the deferent is little (yasirttn) compared 
with the motion of the centre ' (of the epicycle), i.e. when the moon is in 
the upper half of the epicycle its motion on the epicycle, as seen from the 
earth, is less than the motion of the centre of the epicycle, though in the 
opposite sense. Hence there is only slowing down (69:7), no retrogradation. 
The word translated 1 deferent 1 is al-hawdmil. The only explanation I 
have for the use of the plural is that the moon's deferent is not fixed in 
space, but lias a variable centre (see 33:10-12), i.e, the moon has many 
possible * deferents \ — 69:10-12 Translate: * the motion of the planet 
with respect to the deferent .,, does not differ from the moon's ... in 
slowing down and deceleration' (emending ' Usbyt in 69:12 to at tatbit), 
i.e. the planet, in that part of its epicycle where its motion is contrary 
to, but still less than, the motion of the centre, is like the moon in the 
upper part of its epicycle in that it slows down. — 70:18 It is clearly 
necessary to emend 'second ' to ' third ' [ai-tdni to ai-talit). Cf, 68:2-6. 
The note on p. 168 (third paragraph) only makes sense with this emen¬ 
dation, so its omission is just an oversight. — 71:4 ff. Translate: * increasing 
and decreasing in the two even ones, ' ' in both of its directions ' (or 
1 regions ') may mean 1 botli when northerly and when southerly \ The 
latitude is increasing (i.e. the planet is travelling northwards) in the first 
and fourth quadrants, though in the first the planet has a northerly lati¬ 
tude, in the fourth a southerly. ' the remaining ones ' (line 5) are of course 
quadrants, not sectors. — 71:6-7 Translate: 'the first quadrant which 
is ... and the third quadrant... (are) \ —72:10-11 becomes suspended 
(ta'allaqa): This means ' is conditional ' rather than ' becomes indeter¬ 
minate \ The literal meaning of the next sentence is: ' and perhaps it 
is as if the planet in both of them is the descent This is plain nonsense* 
and the mistranslation in the English text does not really make sense 
either. It seems probable that there is a lacuna after ' both of them ' 
in 72:11. In this lacuna came the word ' ascent' (as-sw'firf). Then it is 
' the ascent and descent' which are ' dependent upon the unmodified 
center and the true anomaly '; and 1 both of them ' in 72:11 and 72:12 ff. 
refers to the two deferents which are discussed in 72:3 ff. The introduc¬ 
tion by the translators of the idea that ' both of them ' refers to ' the 
deferent and the epicycle 1 leads to impenetrable confusion. — 72:14-15 
Translate: ' and they are of two kinds, one relative to the mean distance \ 
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— 73:4-7 This passage is perfectly intelligible (whereas the ' emendation ’ 
suggested'on p. 171 would indeed be baffling). The commentator's dif¬ 
ficulty comes from a failure to realise that the mean ' longitude ' of an 
inner planet is defined in Hindu astronomy in a different way from that 
In which Ptolemy defined it (which was the mean longitude of the sun). 
Strictly speaking, it is not a ' longitude' at all; it is known technically 
as the ' mean conjunction ’. The following account is substantially con- 


ro # 



tributed by Dr. Pingree (See Fig. V): " The mean planet P (which is the 
mean sun for the inferior planets) travels on a circle concentric with the 
earth O, and about the mean planet rotate two epicycles, one of the apo¬ 
gee (AP*), the other of the conjunction (EP"C), which allow one to com¬ 
pute the inequalities, but in no sense represent a kinematic model of the 
motion of the true planet. The line from the centre of the earth to the 
mean planet is extended to meet the circumferences of the two epicycles, 
and the longitudinal distances of the planet’s apogee and its ‘ conjunction ' 
are marked off from Aries 0- of the epicycle (these are located at A and 
C respectively in Fig. V). Then for a superior planet the conjunction is the 
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mean sun; for an inferior planet it is the sum of the motions of the mean 
sun and the anomaly of the Ptolemaic system (EC « EP* + P*C); and 
in computations, for both superior and inferior planets one subtracts 
the mean planet from the conjunction. (For an account of the subsequent 
procedure for finding the true longitude see Neugebauer [1] pp. 174-182), 
It was in fact the desire to make the procedure for computing the posi¬ 
tion of an inferior planet exactly the same as that for a superior planet 
which led to the above definition of 1 conjunction * Thus the ' mean 
conjunction 1 is tabulated in Hindu mean motion tables (cf. e,g. India 
II p. 16), and it is this that B. means by 1 mean of the planet 1 in 73:6. 
He is clearly correct in his statement that the difference between this (EC) 
and the mean longitude of the sun (EP') gives the mean anomaly. This 
1 mean conjunction * is of course equivalent to 1 sidereal 1 mean motion, 
but the above explanation shows that it is quite wrong to impute a helio¬ 
centric theory to the Hindus on the strength of this, as lias been done. 
B. was not alone in calling this 1 mean motion \ Exactly the same sta¬ 
tement as 73:6-7 is found in a fragment of al-Khwarizmi's original zij 
preserved in ibn al-Mutanna's commentary (see my note on 16:1 ff.), 
Bodl. Ms, Arch. Seld. B 34 f. 20 v : ' medium stcllae cursum in stellis supe- 
rioribus rectificaus de medio cursu solis abstraheus prim am porcionem 
(*■ mean anomaly) relictam iuueuies. nam pro inferioribus medium cur¬ 
sum solis utriusuis eorum medio cursui detrahere mandat'. — 73:7 ff. 
Translate: ' And if it (the mean anomaly) is substituted for the difference, 
mentioned for the superior planets, between their mean and true longitudes 
the result deviates from its original value (?). And if ascent and descent 
in the epicycle are determined through it, then, if * etc. B, is making the 
obvious point that determining the sectors by using the mean anomaly 
will give a different result from that obtained by using the equation of 
anomaly (the difference between true and mean longitudes) because the 
same anomaly will produce different equations according to the position 
of the epicycle on the deferent, as he goes on to explain. — 74:17 Read: 
* angle ZK[H] '. This is shown to be necessary by the next sentence. — 
75:1 is inaccurate: Rather ' is invalid ' (yabfulu). B. is saying that this 
kind of representation of the combined effect of the two equations is 
improper. — 75:15 The last two words in the line, *tty m*«\ are clearly 
corrupt, but if we omit them the sense is plain: * and angle ZSH falls 
short of equality with the base \ — 75:18 Translate: * if only lie had \ 
The sentence lias no apodosis (sec next note), but is a wish. — 75:18-76:8 
The following is a rough explanation of wliat I think B.'s point is here: 
In Figure 13 of the text, if tile planet is at B and the centre of the epi¬ 
cycle at R we have addition of the two effects (epicyclic equation and equa¬ 
tion of centre); if the planet is at B and the centre at D we have subtrac¬ 
tion of one from the other. In both cases each equation is near the maxi- 
num, and in both cases the planet is at mean distance. So the rule of 
Abu Ma*sar (74:8) is disproved. The * arc of half the eccentricity' 
(75:18) is angle TBZ, This added to ninety degrees gives angle AZB, and 
the equation of centre at that point (translate 'at that amount' in 75:19) 
is computed. Cf. 20:12-15 with my note. ' twice the arc of one fourth the 












64 


G. J. Toomer 


diameter of the epicyde (75:19*20) is angle RZB. The latter added to 
the above equation of centre will give the difference between mean and 

A A 

true longitude of the planet (AZR - AHB) approximately (76:1) — not 
exactly, because for simplicity B. assumes the equation of centre at R 
equal to that at B, whereas in fact it will vary somewhat from one to 
the other, depending on the size of the epicycle. As B. says (76:1-2), 
these two equations are in each case not much short of the maximum. 
At 76:2 emend 'in’ to * ataman and d to r and translate: * and made it 
(the sum of the two equations) an indication for the mean distance at 
R' (cf. 76:7). At 76:3 ff. translate: ' so that the sum of the two equations 
should be a measure for it (the mean distance) when the increase or the 
decrease of the two is together \ i.e. when both epicycle and eccentric 
equations have the same sign, the fact that their sum is equal to that 
determined above will be an indication that the planet is at mean distance. 
Similarly 76:5-8 states that the amount of the difference between the two 
equations when they are of different sign is an indication whether the 
planet is at mean distance. Text and translation again both need emend¬ 
ing. The sense is: 1 And we take ' (reading wa-na'ftu4u for wa -ya'hudu) 

* the excess of twice the arc of one quarter of (the diameter of) the epi¬ 
cycle. .. and make it an indication for the mean distance at D and its 
opposite point in the fourth quadrant , so that the difference ... should be 
a measure for it \ In 76:5 1 the arc of half the eccentricity *, if the text 
is not corrupt, is a dareless abbreviation for * the equation at 90° plus the 
arc-sine of half the eccentricity * (cf. 75:18-19), — 77:2 Translate: * except 
if we consider*. The * two orbits ' are the spheres of epicycle and apogee. — 
77:4-5 Translate: 1 he is more entitled to omit it at this place \ — 77:10- 
78:5 Abu Ja'far said that the increase or decrease in the distance sun- 
earth is in inverse proportion to the equation, and that mean distance is 
at maximum equation (77:10-14). B. objects that even if this were so 
(which it is not, 78:2). it would give no criterion for deciding the sectors, i.e. 
whether the distance is increasing or decreasing. 77:13 Translate: * the 
ratio of the equation to its maximum is equal to the ratio of the chord which 
belongs to that equation to its maximum*. —79:8 hastens Read fa-insamd 
for f'nSmr and translate: * is elevated \ —■ 80:1 extended: This makes 
no sense. Probably mdwd* should be emended to mardudan {' reflected 
though what the difference is between a ray being * reflected * and being 

* sent * remains obscure. — 80:4-5 * depression * and * elevation * here 
mean in effect * decrease ’ and 1 increase \ — 81:16 true longitude : This 
should be translated ' denominator \ as is clear from Kennedy's note 
on the passage (p. 173 bottom). The statement in that note that B. is 
unable to explain Abu Ma'sar's reasons for doubling the denominator is 
not true: the whole of 81:19-82:16 is devoted to an explanatiou (all that 
B. says in 81:18 is that the explanation may not be correct). B. supposes 
that because the sun and moon, unlike the other planets, have no equant, 
Abii Ma’sar therefore made the distance between the centre of the deferent 
and the centre of the universe for sun and moon correspond to the distance 
between the centre of the equant and the centre of the universe for the 
other planets. So he doubled the ratio corresponding to the distance 
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between centre of deferent and centre of universe for the planets in order 
to get that for the sun and moon. Consequently the final ratio for the lat- 

4 

ter came out to twice the normal — 83:15-84:4 You have x minutes: 

multiply by 48 and divide by 5; this leaves a remainder. Multiply the 
remainder by 12 : this gives you a sexagesimal number of the form 0 ; 0 ( b,c 

4 

(where b are seconds and c thirds of a degree) which is equal to x . 
{*“ = 0;48, 84:1). In 84:3 B.'s point is that al-Fargani multiplied by 

2x6 = 12, which is equivalent sexagesimalty to dividing by 5). This 
explains why the division by 5 in 83:16 is not ' redundant \ as is stated on 

7 4 

p. 174 of the commentary. — 85:1 i.e. *** -** 05 “ — 85:9 (Note on 

p. 175): 0:96,36 is a misprint for 0;9,36. — 85:12 so far as these numbers are 
concerned: Translate: 1 in that number 1 (namely 60), i.e. 60 is not to be 
explained as the maximum size of the transit, but the table is a mul¬ 
tiplication table (85:14-17), — 86:7 ff. This section, as explained by 
Kennedy's note 011 p. 176, is quite straightforward, but lias been compli¬ 
cated by mistranslations. The following corrections should be made: 
86:7-8 'And they (i.e. the minutes of transit), in the first sector as deter¬ 
mined by the equations, are the magnitude * etc. The above translation 
of at- maqsitm bi t-ta'adil is dubious (I take it to mean r distance sector ' 
as opposed to ' velocity sector a , and ' equations ' (plural) is used because 
both apogee and epicycle sectors are meant). It may be preferable to omit 
the words as corrupt; but in any case both grammar and sense forbid 
application of them to 1 the minutes '. — 86:9 Translate: 1 So if the minutes 
of transit ', 86:10 and 13 Substitute 'we subtract* for 'lie subtract¬ 
ed \ Figure 14 (p.97): The figures printed in this figure are substantially 
those of the rather corrupt Arabic text. For convenience I tabulate here 
the emended figures suggested on pp. 177-8 of the commentary, adding my 
own emendation for the radius chord of Saturn. The latter is the result 
of multiplying 0;9,36 by 5;-!3 (one minute less than Masallali's figure; 
cf, the parameters for the maximum epicycle equation of Mars in the 
comparative table on p. 178). The emended digits are in italics: 


Taut,e I 


Sun 

Apogee 

Chord 

0:42,52,48 

Moon 

Radius 

Chord 

1:34,43,72 

Sat 

Apogee 

Chord 

1;22,43,72 

urn 

Radius 

Chord 

0;54,52,48 

Jup 

Apogee 

Chord 

0:48,57,36 

liter 

Radius 

Chord 

1:45,19,72 

m 

Apogee 

Chord 

1;47,12,0 

trs 

Radius 

Chord 

6 ; 2 M 8,0 

Vej 

Apogee 

Chord 

0:42,52,48 

1US 

Radius 

Chord 

7:32,57,36 

Men 

Apogee 

Chord 

0;38,24,0 

cury 

Radius 

Chord 

3;26;24,0 
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88;15 a reconciler by: Translate: * many-branched in *. — 88:18 * the 
equality ' is presumably not ‘ of the equations but that referred to in 
88 : 10 , i.e. equal distance of the two planets from their respective apogees. 

89:4 1 magnitude ’: The Arabic is jirm, ‘ body as in 88:11 and 89:2, 
and clearly here too the meaning is ' apparent diameter *. In 89:5 trans¬ 
late: * half the sum of the two bodies *. What B. means is that in order 
to determine when two planets come into conjunction, in the sense of 
just touching, one must take half the sum of their apparent diameters: 
the latter will be the difference between their longitudes at the configuration 
in question. — Figure 15 (Table on p. 100): In the top row of thb, for the 
relation between Venus and Saturn read 2962 [ 7 ]. The statement in the 
commentary (top of p. 180), that all the ratios involving the deferent 
equation of Mars are mutually inconsistent, is correct, but one can still 
determine limits within which it must lie: these are 11 : 10 ° and 11 ; 13°, 
so it cannot differ much from Abu Ma'sar's value (p. 178) of 11;10®. 
The values of al-Khwarizml are very close: for convenience I append a 
table of them: 


TABtE II 



Degrees 

Sun 

2; 14 

Moon 

4;56 

Centre 

8;36 

Saturn 


Anomaly 

5;44 

Centre 

5;6 

Jupiter 


Anomaly 

10; 52 

Centre 

11; 13 

Mars 


Anomaly 

40;31 

Centre 

2; 14 

Venus 


Anomaly 

47; 11 

Centre 

4; 2 

Mercury 


Anomaly 

21;30 


90:13 the mentioned opinions: For these see the commentary p. 169 if. 
— 91:4 the composite ratio: This is ~ etc. See 80:8 ff. —92:9 computed by 

the 5 i‘»£ 5 : In the less sophisticated Hindu astronomical works the maximum 
equation of centre is assumed to occur at a mean longitude of 90° (cf. 92:1) 
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and between 0 ° and 90° is directly proportional to the sine. See, besides 
the references given on p. 180 of the commentary, Toomer [ 1 ] p. 12, — 
92:12 from which : Translate: * for which \ — 93:1-2 Translate: 'So if 
the maximum equations were equal for both planets, and furthermore its 
(the maximum equation's) position were at the epicyclic apogee, then the 
portion of planet Z would be more and the portion of planet Y would be 
less \ The ' portion * means the amount of the maximum equation apper¬ 
taining to the planet at that point. B. is saying that 'Umar's ' law of 
elevation' (93:3 and 10 ff., where the law is formulated, cf. 89:17-90:8) 
would only produce something like the right * elevation 1 according to the 
1 first * and 1 second ' opinions if the maximum (epicyclic) equation occur¬ 
red at the apogee of the epicycle, which is the exact opposite of the true 
situation ( 93 : 4 ). — 93:10 at it: Translate: * according to it * (the law), — 
92:12-93:17 (Note on p. 180): The commentary is correct in stating that 
before comparing elevations between planets, one of the elevations should 
be multiplied by the proper coefficient. Note however that in the example 
at 94:18-19 the coefficient is not used until after the comparison has been 
carried out, — 94:5-6 Emend *hd to ah4 in line 6 , and translate: 'and we 
make the required condition for ascent the taking of the difference (i.e. 
the supplement), with agreement of the sign at their base ', i.e. we allow 
ourselves to take the supplement on condition that it (the supplement) 
is of the same sign (i.e. ascending or descending) as what we are comparing. 
The passage 94:14-15 is completely parallel, but deals with descent. — 
94:16 occurs at: Translate ‘ results from ' (cf. the next line). — 94:17-18 
Translate: ' the only thing that can result is JS, and HS does not result 
from the difference between AH and fS\ with the consequential changes 
in the Arabic text. This is merely a statement of the equation: (HA + 
HJ) — (HA + JS) = HS. — 96:6 He added it to its true longitude: Cf, 

79:18, with Kennedy's note. The of the equation here is ' the magni- 

tude of the transit 1 ( 80 : 8 ), It is this which is added to the true longitude. — 
96 : 13-14 Translate: ' the five planets have in common wliat is necessary: 
one of the two (necessary things) is a deferent and the other an epicycle— 
97:12 ff. The apparent confusion of this passage can nearly all be resolved 
by elucidation of the meaning of the word miniaqa and improvement of 
the translation. The miniaqa (literally 'belt', see my note on 5:16) 
Is encountered by the planet only at 6 and 12 signs, i.e. at perigee and 
apogee (whether of epicycle or eccentric). So it must be used by Masallali 
to mean ' the diameter drawn between apogee and perigee \ the same as 
the ' first diameter ' in 97:4. I know of no parallel to this use. Now trans¬ 
late as follows: 97:15-16: 'up to four signs and a half (i.e. where its epi¬ 
cyclic equation is a maximum) it is falling from the miniaqa downward 
In 97:17 it would be best to change tnUta l-mintaqa to ila t-mintaqa t 
and translate: ‘ ascending from its descent to the miniaqa' t though the 
text could be kept, —- 98:10 previously mentioned : At 92:1. Cf, my note 
on 92:9. — 98:17 conjunction: Though the word occurs twice in the trans¬ 
lation of this line, the Arabic term is in the first place qirdn and in the 
second ittifdlan where it is better translated ' connection ' (see my note 
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on 99:10-13). ' conjunction * implies only that the longitudes are the 
same. The first part of the line will then mean ' if the latitudinal difference 

between the two bodies in conjunction is more than one minute ’. _ 

98:18-19 For the correct translation see my note on 99:10-13._99:6-8 

(Note on p. 181): Neugebauer's solution for the date of the horoscope is 
not acceptable, as it gives a longitude for Mars of 302®, differing by 42® 
from the figure in the text (344®). No vernal equinox between the years 
—600 and +1649 yields a configuration of the three planets anywhere near 
that of the horoscope, so we must assume either that Masallah took an 

imaginary position or that he made an error of calculation. _99:10-13 

Translate: ' And because the conjunction (qiran) is in oppnsition (i e 
Jupiter and Saturn are in conjunction with each other but in opposition 
to the sun) and Mars is proceeding towards connection (al^ittifal) with 
Jupiter and the sun with Saturn The meaning of ittisdl here becomes 
clear when we note from the positions given in 99:6 .8 that Mars is nearly 
in opposition to Jupiter and Saturn to the sun (since it is the ' year-trans¬ 
fer ’ the latter is in Aries 0°). We might conceivably suppose that ittisal 
refers to the fact that the next conjunctions that were going to take place 
would be between the planets mentioned. But that is not true: for Mars 
will be in conjunction with Saturn before it is in conjunction with Jupiter. 
We are therefore forced to take ittisal to mean ' exact opposition ’. This 
is confirmed and elaborated by 98:18-19, which we may now translate: 

he means by '‘connection" (al-ittisdl) transit in opposition with the 
secton. being different'. Similarly in 99:13 'the two in conjunction' 
should be replaced by 1 the two connected ones *. — 100:6 one degree and 
eight minutes: (Note on p. 183): The e. for 171® derived from al-Khwa- 
nzuii’s zij is 0;59®, not 0;55®. This would give a result slightly closer to 
B- s value, but agreement is still not good. In view of B'.s statement 
(54:12-13) that the planetary parameters in the Shah Zij and al Khwa¬ 
rizmi were identical, which is corroborated by the information we can 
derive about the former and the printed text of the later version of the 
latter (compare my Table II above with the table printed on p 178 of 
the commentary), we must assume that B. has in error taken the value 
for 769:52° instead of 170;52® here. al-Khwarizini's table gives 1 7° for 
this (B. has 1;8®). — 102:2-4 Translate: 'As for the descent of’Mars, 
that is (found) with respect to its position from the apogee, not from the 
position in which he placed Jupiter; but in that respect (i.e. distance of 
Mars from the apogee) it is ascending, and subtraction, not addition, is 
required (reading muniya for mu) to get the elevation i.e. Masallah's 
operation in 101:19 to get the elevation of Jupiter above Mars should 
have been one of subtraction, not addition. — 102:5-11 The big discre¬ 
pancies which emerge between B.'s calculations in this passage and those 
or the commentator (p. 186), who uses al-Khwarizml's zij, are probably 
to be explained by the fact that B. was computing with the adjusted centre 
(as explained on p. 183 of the commentary), while Kennedy uses the unad¬ 
justed centre. Though the 3;15® of the text at 102:8 is wrong on any sup¬ 
position (perhaps emend to 7; 15®?) the suggested emendation of 7;30® 
to 9;30® at 102:9-10 is certainly wrong, for B. states at 102;12 that all 
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his results for Mars are far from MaSallah's, whereas 9;30® is very close 
indeed to MiSallah's 9;26® (101:15). — 102:19-103:1 The reference is 
to 102:2-4. — 103:1-3 These statements about the sun and Saturn are 
true only if both are now considered to be in the actual position of the 
sun. namely Aries 0®. — 103:8 worked backward on it: Perhaps rather: 

worked them (similar calculations to the above) out all over again for 
the end of the two hundred and forty years The two hundred and forty 


3 



years are the period of 12 mean conjunctions of Jupiter and Saturn 
(12x20 years) during which the phenomenon moves from one triplicity 
to the next (see Kennedy's note on p. 126). — 105:7-9 Four possible 
situations are described, which are depicted in my Fig. VI: (1) Form 
2<p TI-I; (2) Form ZT — TH; (3) B is at apogee or perigee, so there 
is no question of adding or subtracting; (4) Form TH — ZT (when 'the 
eccentricity is partitioned '). — 106:4 The ' small circle ‘ is probably not 
one of latitude, but of declination (the two planets being supposed to 
have the same longitude). — 106:5-7 Translate: 'And, they being in 
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the condition of equality, if one of them is at the extreme of its latitude 
and the other increasing in latitude, then there is no doubt that the one 
increasing is disposed to elevation i.e. if the two planets have equal 
latitude, but planet A is at its maximum while B has not yet reached it, 
then B will (in the future) be elevated above A, — Kennedy’s Bibliogra¬ 
phy: p, 190 No. 22 This is a muddle between two quite different books. 
It should read: Ptolemy, Claudius, The Handy Tables, ed. and transl. 
by Halma as: Commentaire de Theon d *Alexandrie sur les Tables Manuelles 
Astronomiques de Ptolein6e, 3 parts, Paris, 1822, 1823, 1825. 
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